Dust has recently been found to be prevalent in compact binaries such as non-magnetic Cataclysmic Variable systems. As a possible source of this dust is from solid bodies, we explore impacts to non-magnetic Cataclysmic Variable disks. We use three-dimensional Smoothed Particle Hydrodynamic simulations to search for impact signatures. From injections of whole bodies to these disks, we find pulse shapes in simulated bolometric light curves that resemble impact flashes in the light curves of the Shoemaker-Levy 9 event. As a result, we tentatively identify these light curve shapes as signatures of impacts.
INTRODUCTION
Infrared excesses are largely attributed to dust being present in a variety of celestial systems, such as in the largest ring of the planet Saturn, in disks around isolated white dwarfs [e.g., Zuckerman & Becklin (1987) , Koester et al. (1997) , Kuchner et al. (1998) ], and in disks of close binary systems such as Cataclysmic Variables (CVs) [e.g., Howell et al. (2006) , Brinkworth et al. (2007) , Hoard et al. (2007) , Howell et al. (2008) , Hoard et al. (2009) ]. More than sixty dusty white dwarfs have been found, mostly due to the WIRED Survey (Debes et al., 2011) .
For an isolated white dwarf, an infrared excess over the photosphere suggests a dust disk or dust/gas disk surrounding the compact object. In these systems, no significant luminosity is seen from an accretion disk, implying a gas accretion disk is not present. As the dust thickness is on the order of the size of dust grains (i.e., around ten microns), the dusty disk is thought to be geometrically thin. Because the gravitational settling times of metals in hydrogen-rich (DA) white dwarf atmospheres are short (i.e., from a few days up to 1000 years), the metals must be continuously re-supplied by one or more sources. The most likely source is the tidal disruption of a comet or an asteroid [see Jura et al. (2003) ], with the latter being cited more [see e.g., Reach et al. (2005) , Zuckerman et al. (2007 ), Farihi (2011 ), and Zuckerman et al. (2011 ]. The asteroid is thought to have been perturbed by a orbiting exoplanet remnant. Of the asteroid types, processed asteroids are the type found so far to be the polluters of white dwarf atmospheres [see Farihi (2011) and Zuckerman et al. (2011) ]. The processed asteroid could be from either the lithohttp://pkas.kas.org sphere of a differentiated terrestrial, possibly water-rich, first-generation exoplanet [see Farihi (2011) and Zuckerman et al. (2011)] or from a differentiated, terrestrial, possibly water-rich, second-generation exoplanet that formed from a disk of recycled, post-main sequence evolutionary material.
In nearly all CVs observed with Spitzer, an infrared excess is observed, and the excess is attributed to thermal emission from dust larger than ten microns [see Hoard (2012) ]. Sometimes the dust is found around the CV system in a circumbinary dust disk (see Figure  1 ). An example is V592 Cas [see Hoard et al. (2009)] . However, sometimes the dust is found within the white dwarf's Roche lobe but outside the gas accretion disk (see Figure 2 ). Examples are WZ Sge. Z Cha, and SS Cyg [see Howell et al. (2008) and Gaudenzi et al. (2011) ]. For the former, the dust disk is assumed to start at the tidal truncation radius, which is outside the CV. For the latter, the dust disk is assumed to start at the dust sublimation temperature.
The dust disks around isolated white dwarfs and in both the circumbinary and the circumstellar nonmagnetic CV systems contain about the same mass of dust [see e.g., Hoard et al. (2009) . This mass is about that of a medium-to-large asteroid in the Solar System (i.e., ∼10 21 -10 23 g). Sources for the dust in a CV circumbinary dust disk could be from dust generated in an ejected common envelope, dust lost from the accretion flow, dust and gas lost from the inner Lagrange point [see e.g., Bisikalo et al. (1998) and Bisikalo & Kononov (2010) ], dust produced in the outer atmosphere of the donor star that was transported from the binary by mass outflows during nova or outbursts [see e.g., Ciardi et al. (2006) , and/or dust transported by a wind from the disk and/or the white dwarf.
Sources for the dust in the ring around the gas disk in a non-magnetic CV system could be from dust grains that formed in the outer atmospheres of donor stars and transported through the inner Lagrange point. Another possible source is a tidally disrupted comet or asteroid [see Hoard (2012) ]. As the grain sizes are larger than ten microns (and likely even significantly larger as smaller grains are removed by radiation pressure and sublimation) and the mass content is about that of a medium-tolarge asteroid, the latter source becomes more probable than possible. As such, in this work we consider the latter source.
In this work, we use three dimensional Smoothed Particle Hydrodynamic (SPH) simulations to generate a gaseous non-magnetic CV accretion disk. We inject an asteroid-sized body into the accretion disk from a point just inside the Roche lobe of the white dwarf. We search for signatures in the light curve and the accretion disk that indicate an impact to the CV system has occurred. In §2, we introduce the 3D SPH code and model parameters. In §3, we present our results and discuss them. We conclude and discuss future work in §4. 
THE SPH CODE AND INPUT PARAMETERS
In this work, we use the 3D SPH codes used and described in e.g., Montgomery (2009) that has its roots in Simpson (1995) . The root code [i.e., Simpson (1995) ] has been designed to simulate accretion disks in nonmagnetic CV systems. It uses the Lagrangian method of SPH, has a maximum of 25,000 particles, assumes an ideal gas law with a low adiabatic gamma, and does not include radiation effects or magnetic fields. The only unknown is alpha in the Shakura & Sunyaev (1973) alpha-disk model. In all simulations, the primary and secondary stars are treated as point masses, and gas particles are injected through the inner Lagrange point L 1 to build the disk. In this work, an accretion disk is built from scratch by injecting ten particles per time step through the inner Lagrange point until an accretion disk of 25,000 particles has formed. Table 1 lists the input parameters.
The simulation is run for several thousand orbits, during which time the disk tilts out of the orbital plane as discussed in e.g., Montgomery (2012) . Several orbits later, the disk returns to the orbital plane and the cycle repeats one or more times. We do not discuss this result in this work and save the result for a future publication as it is not the subject of this work.
At orbit 2000, the simulation is stopped and three asteroid-like bodies are artificially introduced just inside the white dwarfs Roche lobe, near the inner Lagrange point. In this work, we neither speculate how bodies of this size and mass are formed nor why they are located at this point. We restart the simulation, which runs through to orbit 2050.
RESULTS AND DISCUSSIONS
Almost immediately upon injection, one of the three asteroid-like bodies is ejected from the system. The other two gravitationally fall toward the accretion disk. Figure 3 shows snapshots of the simulated nonmagnetic CV system and the impacts from the two asteroid-like bodies. As shown, the first asteroid-like body (black circle) passes over the disk in the first two snapshots before finally entering the disk at the rim in the third snapshot. The second asteroid-like body (black square) embeds itself within the disk as shown starting with the first snapshot. Note the holes gener- Figure 3 . Snapshots of a simulated, geometrically thin, accretion disk in a non-magnetic CV system showing impacts from asteroid-like bodies. The first impacting body is the black circle and the second impacting body is the black square. Letters a) through f) represent orbits 2001, 2004, 2007, 2011, 2015, and 2019, respectively . Coolest regions of the disk are colored red whereas hottest regions are colored violet. ated in the disk around the asteroid-like bodies, which stretch and relax as they (i.e., the holes that surround the asteroid-like bodies) orbit in the elliptical disk. Because the disk only contains 25,000 particles, the disk is geometrically thin. If the disk contained more particles, the asteroid-like body would not likely pass through the disk creating the hole, and instead may break-up into smaller bodies. Because the code is designed to only consider gas in the accretion disk, the asteroid-like body does not break into smaller pieces as it spirals down into warmer parts of the accretion disk. As such, these results are not entirely realistic. However, we are mostly interested in the impacts to the disk and any effects seen in the artificial light curves. Figure 4 shows the artificial bolometric light curve. Two pulse shapes appear between orbits 2000 and 2001 and a third pulse shape appears between orbits 2019 and 2020. The first two pulses in the artificial light curve are due to the impacts from the asteroid-like bodies. The first impact has less of an effect on the disk as it plunges through the disk whereas the second impact embeds itself immediately upon impact. We find that amplitude of the signal is due to the amount of interaction between the asteroid-like body and the disk. The last pulse shape in the artificial light curve is due to one of the asteroidlike bodies falling from the inner accretion disk into the white dwarf. The pulse shape is not from the interaction of the asteroid-like body with the atmosphere of the white dwarf but is instead from the disk readjusting to the lack of a larger body within it. The last pulse shape is likely not realistic as the asteroid-like body should have disintegrated more as it spiraled toward the white dwarf. As shown in the inset of Figure 4 , the first two pulse shapes from the impacts, however, resemble pulse shapes of flash impacts by e.g., comet Shoemaker-Levy 9 to Jupiter's atmosphere [see e.g., Harrington (2004) and Sasaki et al. (1995) ]. As such, we tentatively identify these pulse shapes as signatures of impacts.
From comparisons of Figures 3 and 4 , we find that a large hole in the disk has no effect on the bolometric light curve. If non-magnetic CV disks had holes in them, we would not see signatures in the light curves. Nonetheless, holes in these disks seem unlikely. Another comparison is that if an otherwise gaseous disk contains large asteroid-sized bodies it is also not apparent in the light curve. If non-magnetic CV disks had large asteroid sized bodies, we would not see signatures in the light curves.
As shown in Figure 4 , pulse shapes from impacts are non-cyclic and are thus are likely rare events for observation. Nonetheless, a pulse shape signature in artificial light curves may be of value should one be seen in observational light curves.
As plumes are seen in the light curves of the comet Shoemaker-Levy 9 event, plumes might also be seen in light curves of non-magnetic CV systems. The plumes occur after the impacts and after the fireball of material rises in altitude. Plumes are the raining of the gaseous material back down to the planet. Not seeing plumes in our artificial light curves of non-magnetic CV disks is likely due to poor resolution from using 25,000 particles. As plume signatures in light curves have higher amplitudes and last significantly longer than impact signatures, simulations with higher resolution to generate plumes signatures may be of value and is left for future work.
CONCLUSIONS
In this work, we inject asteroid-sized objects into nonmagnetic CV accretion disks to search for signatures in the artificially generated bolometric light curves. We find pulse shapes from impacts that resemble impact flashes by comets like the Shoemaker-Levy 9 event. As such, we tentatively identify these light curve shapes as signatures of impacts and confirmation is left for future work.
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